RNAi-mediated suppression of the phenylalanine ammonia-lyase gene in Salvia miltiorrhiza causes abnormal phenotypes and a reduction in rosmarinic acid biosynthesis.
Medicinal Salvia miltiorrhiza contains two main groups of active pharmaceutical ingredients: lipid-soluble tanshinones and water-soluble phenolic acids, including rosmarinic acid and salvianolic acid B. Phenylalanine ammonia-lyase (PAL) catalyzes the first step in the phenylpropanoid pathway and is assumed to be closely related to the accumulation of rosmarinic acid and its derivatives. We selected a 217-bp fragment, located at the 3' end of the coding region of PAL1, to establish an RNA interference construct that was introduced into S. miltiorrhiza via Agrobacterium tumefaciens-mediated transformation. PAL-suppressed plants exhibited several unusual phenotypes such as stunted growth, delayed root formation, altered leaves, and reduced lignin deposition. The total phenolic content was decreased by 20-70% in PAL-suppressed lines, and was accompanied by lower PAL activity. Down-regulation of PAL also affected the expression of C4H, 4CL2, and TAT, which are related genes in the rosmarinic acid pathway. Moreover, rosmarinic acid and salvianolic acid B were markedly reduced in PAL-suppressed lines, as detected by HPLC analysis. Our results indicate that PAL is very important for the synthesis of major water-soluble pharmaceutical ingredients within S. miltiorrhiza.